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Preface

This volume of magnetograms from the AFGI. Magnetometer Network is the
last in a set of six yearly volumes covering the years 1978 through 1983. Descrip- 4
live material needed to explain the magnetograms is repeated so each volume can --

be used independently. %*.

These volumes are dedicated to the memory of Robert W. ('rowe, who as a
high -school student, carried out much of the computer work that produced the
edited data shown in these plots and who lost his lite in October 1982 while the work

was uinder way.

Manv o>ther persons have also contributed greatly to this effort. The pr'u)ect %

which required reading more than 1200 input data tapes, writing more than 4500..
e'tited-data tapes, and making and assembling more than 6500 separate plots I'or

lhesi, volumes, was made possible by the dedicated efforts or a giroup of (ollege

*,ndt hi gh-school students. Armand lPaboolian supervised and personallv underti)(Ik"

mulh :)f the rolduction of the edited data has(. Ii I.aper'iere. Stephen \l>,I,'is.
atherine kkhittaker, Glenn Ellis, and Ara loplian also contributed n ariv hours

I,) this work. I'r. , ohn F. I)evane, S.I.. directed the contractual erfort (1'

H 0sto (Cllege tinder which most of the students worked,. ic l.aperri('re carrieI "

Mit a lAc-1F fra,tir)nj i'( the production riru s that produced file linal plots. These

*flermV i; mi tiritbut ions are gratefullv aknw l he. .- ""

iii -.. -*...
% -'-..-

~ . -. . . ... ...-.-.. *"...*-.. v *, , .. . . . . .
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Dao. Magnetograms for 1983 From the AFGL Network

1. I %TROII C'rioN

I~ii r, i -17 6 t h rouh 10143, the)( A ItI \1SL're Iomnite r \rtaotk made on -%

r .ritr 11-nt7 0 the -,r'e niaiznvi itie) I at seven sitations spannrinj! thep ',I~ItiU-,~ I 111t, I -'tale- .A n (.11vt t at'i lraj-, has la-en (-,Iu tlor tile pettilil

iF)I) I~ it ,lt~ t lire,- )tvt rient measiurenitiri f tie hell at the seven

1 1 mi h1 5it r- 111 K Xiii'A!t-r!10i it :1 o #t fet-, .s ptIl I , m e ot- -eov . s u bset %1

H.- li. tirSi,tmL!~ , I n in *r %, alkifesi t le -.tardtar l\1S forniat. is

A% ji1all 1ii 1he -;, eIf itii , rriuniltv 1hiroiiL~fi tile \'rll lata Center. .

I hs i-;i me- it t Series of veatlIv %oliinivs. presents the 1 -niin subset otf

lii1ithe v'e~i l't12) inilhe irni if staked lailv niaLnetogtranis. one day per pagE

he triti, iiil. I uses if these rdots irilule: (1I) it.-;(overing the overall pattern of

htatiteti, a. t% itv across thle ( niteil States for, any lay, (2) iilentif'ving events for-

s,-ient ihi study, arid (3) indicatinj4 the , ovtage and qualitv of the data available

riot) thle Worl I I ata (ente r. ~
For the hasic set of :365 daily plots, the quest ion of amplitude scale was re-

solved in favor, of' a constant value for all plots to faci litate cornpanison when

sc'anning over- many pacres. However, for- about tell piercent of all days this choice

auses traces to he offscale or confused, so for, these days the plot is repeated on

a less sensitive sc ale in a subsequent section if supplemiental plots.

(Rleceived for publication 19 March 1.985)1

A- -A-



D.IESCR{IPTIION% 01'THE NETWOR~K

4 he AIF( . Iagn te tomneter' Network consisted of seven irenive nrstI runionted %.-

tainsat the [oat ions shown in jjgtte I and listed in Tlabie 1. '1Hie ive ( nnnthe i-i

statin., frm a line- at aprnxiimatelv 55l degrvees -gm~ latitude, Mal hill(-he W

snuher stt insar-e hoth at about 40 degrees -Egi latitude.

P2Newport WA41tt

Rapd itySDCD S Sudbury MA

Camp Douglas WI M

Lompoc CA .~'
OSt.ast

tio-s

zv.

TPA7
Tampa FL

Figure 1. Mlap of the A FW, Magnetomieter Networ-k

The instt ome ntation at all sites was esse ntjaltv identical. Thle instirunie t

%4 hic h made the measurements presented here( is a th-r-ee -cootti!Itr l\,_,at,

ntagn1etorneter- built bv the ['niversitv 11' Caliornia at los Anueles. H(ii iltA w Inc

eucni instr Ument. art inductionr-coil litagntoter', i itlsis .It

*jAc gat tagnetonteter- has a basic analogl (fine-siate) range oI 6-4 to .61 ru~wteinL: i'

is kept onscale by applying to) the sensor* a pire' Secoar-se -scale-) rilingiiL iel i 4Al

integrtal niultipie of 64 nT to cover, the full r'ang[e t apprrrxiniatPl' -60. 1W))

635, 000 il. Tihe tine-scale ouLtpuLt is diAIzEl07, he An 11I-hit ara~Io- itl!AlIlli-

e\trr with) the least signifhi.ant bit i-resenting, I1 16 itI . Ilite rrs trrieit-nI WE-

Sanmpied onrie pet, sec'ond.

0 VIsta Iron, all stationis A ute returriel to a lt i -a, s11;t 11,1 .. t:tijrrt ot N\ I ( Il r

*a single do hctefl oweri -grari irtuit rizo he i largLe(I :Ii iliitji,j, !i 11n ill~ (I

%.4 -- %

t. S
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having a branch to each of the stations. A polling signal sent from the data-acquisition

station synchronized all stations to within several milliseconds accuracy by in-

corporating compensation for propagation delays. Data collected at each station ,.

during any 10-sec sampling interval were transmitted in a block at some point during

the next interval. A forward-error-correcting scheme was used to eliminate

transmission errors. Data were received, compressed, formatted, and archived

on magnetic tape by a dedicated minicomputer. Subsequently, several series of

edited-data tapes were produced from the archive tapes, using the same mini-

computer, as described in the following section.

%

.

Table 1. Locations of the Data-Collection Stations . -*

Corrected
Geomagnetic Geog raphic .' ,

Station Symbol and Name Coordinates Coordinates Government
(post office) N Lat E Long N Lat E Long Installation

NEW Newport WA 55.2 299.6 48.3 117. 1 USGS Newport
Observatory _

RPC Rapid City SD 54. 1 317. 3 44. 2 103. 1 Ellsworth Air lForce
Base

CDS Camp Douglas WI 56. 3 334. 2 44.0 90.3 Volk Field (NatI.
Guard Base)

1ICL Mount Clemens MI 55. 8 344. 8 42.6 82. 9 Selfridge Air Natl. . .
Guard Base

SUB Sudbury IIA 55. 8 1.9 42.2 71. 3 Army Natick
Laboratory Annex

LOC Lompoc CA 40. 2 300. 6 34.7 120.6 Vandenberg Air [orce
Ba s e -":

TPA Tampa .L 40. 7 344. 9 27. 8 82. 5 MacDill Air Force
Base

3. EDITING OF THE DATA

The content of the archive data tapes is the series of successive data trans-

missions, recorded with minimal processing at the time of reception. These raw

tapes are somewhat inconvenient for general use, since they reflect network mal-

functions of many kinds, include other scientific and housekeeping data, and use a

complex format for economy. An edited version, containing only the fluxgate

measurements, was desired, and an automated procedure for processing these tapes

was developed. *..',

The editing process was designed to correct for a number of errors likely (and %

often known) to occur in the data because of various equipment malfunctions. The

basis for detecting and assessing the error was a set of redundancy and consistency

checks built into or inherent in the data. The faults corrected (in most cases by

3

-



discarding the faulty data) included: (1) magnetometer outputs differing from a,¢3:-"

nominal quiet-time value by more than 2048 nT, (2) transmissions not confirmed .-. ' '

to have come from the correct station, and (3) incorrect time values associated"...% ' . . .

with transmissions. At the same time, the data wer-e organized by time interval, -;;

station, and component, with missing data filled with blanks., ,,-

It may be noted that the faults addressed in editing are almost exclusively those ':,:,,

of the collection and transmission system; the only er-iterion placed on the niag-*.''e',

netometer output was that it be reasonably close to an expected value. (inc reason L.,i

for this is that rigorous criteria for assessing the correctness of the magnetonreter O. .

data are so lacking that an automated procedure is not possible. But another '".-.

reason is that, for many purposes, the usefulness of the data is only slightly (or,"", ,

not at all) diminished by the most common malfunctions. Therefore, most failures -- ,,

experienced with the magnetometers are still reflected in the edited data. Since -" . -

the stations were unattended, a number of days often elapsed before a malfunction "'"

-NO

was corrected, and caution is necessary in using these data. Some specific guidance "-.-
is provided in Section 6 below. .. . -"

4. I)EStCRIPT'ION 01E TIlE PLOTS .,•.-

The basic set of plots is presented in Section 7. It inclides, for each day in
the year, daily magnetograms for all three components of the seven netoorksoci

stations, a total of 21 traces. These are r re ored panels b comnponct,
in the order Xn, rZ from top to bottom of the page, where is magnetic north,

\ is magnetic east, and Z is erticall downwa rd. This a lignmoent was nl\ ppho-se

mate, and douring the ea rly yea rs N and V cere often rotated slighitl\ aibout /. to k l .r. .,
the Y component slightly' positive. To facilitate comparisons between ada cent ''
stations, the traces within each panel are further oridered by plotting the 3-cc '"

estations first, west tat fol loe two 40-deg ee statis, aest toe ,-st.

f or the haisc set of plots a co on fixed amplitude scale was s hr tgi tomet e

in conparing between day. The '.ale 40 nT per isijo division Bts anoshr t
sit kept about 90 pe cent of the plots onscaIe.A majon divisior is tite lst. P. r-

taeen tle dotted baselines for adjacent tralces. r)n minor Trifision osf lur.esl- , '.

and a resolrtion of about one or two nT is preserved in the edotd. I iinc , ,.

n whic tire traces go nrffscae or beconre confused by oce'lap,.e a S niHl h o,,t , i l

of rlots, using a scale of 160 or 400 n per' major division is poeseciic gi . ,. '
\ snrll solid triangle following the date on the basic plot n >c•tr,,n ir1l'.

a su bapleicntarv elot has been proidedi. ,eto 7. Ir

s insh tritce is labeled rt the left aeith a three-letter" stetio l . Its t ,-

cYlibrmagtio c i st anvdt by tisre ial corr ndownwavrd. his nignmntl or~i iot I .ippr

baseltne This value, ppearirg ,rse boutre tire statin .or,, is %I 24- ro:r: 1t,

For ts lf-d4

iis \- %- 4io

- ~ ~ ~ i kep .oou 90 peren of th plot .°ons° ° %• ,% .c. a- % °- -, A mao diiso is the . . .. •. . . . ..

k,.m L~ .' J--------- t % %e -n J the do te ba ase., "l .is L.J for-i -J ice %t t t J.m 'm , i_. e. s . (). n.e m. i rior,. ,di-•.. ." - ", ._h_. ,% " ' % "i " % 
•

" o* n% • io-" prk -% ,°nt " , " " - -I"" .%.""I
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the daita plotted, rounded to the nearest nanotesla. The station code and baseline

value :re omitted Ahenever aill data points in a trace are blanks or, very rarely.

\ahen a badl.y, malfunctioning trace has been eliminated to avoid obscuring good

traices. The presence of the label usually (but not reliably) indicates that the trace

is not conmpletely blank.

The, time scale covers the 24-hour UiT day, with 1-hr and 10-mmn subdivisions%%

The edited rita base consists of one value per minute (good datum or blank) for each

of the 21 tr:rcvs, but since, this sampling rate exceeds the resolution possible on the

ripe. 2 -mmii a% erages w e re plotted instead. This results in 7 20 points per day, and

since tire- full-scae length of the time aixis is roughly, 144 mm, the point-to-point

spaicing is bout 0. 2 mmn 10. 008 in. 1

[hic dae is printed A' the lower left corner of each ptlot, first in the form day -

of-mnonti, mronth, Yea r. It is repeated, in parentheses, in the form year (followed

by riod) and day -orf- year. As noted aove * a solid triangle after the final

p. renthesis indicates the prcsence of a supplementary plot in Section 8.

5. IlE'II01) OF PRO)LCI NG THlE PLOTS

Dihe plots acre generated ov the network minicomputer (Varian model V72,

%krtp 12 ith 7-ack ta pe units to read input data. Trhe automated plot pro-

t4 rni au a as aritttin in I R I HPA N and inco rpo rated \ a rian 11 itaplot software. The

i t rl Tdvicc za asalekt ronix ty\pe 4014 te rminal equipped with at type 4631 hardcopy% %

irrt. \\ rth tins eq unpmrit the, plot is first drawn by% ain electron beamn on the sc reen

-t th ( t, I' s;tor rsr' dev-%iceO and then copied to the hard:copy' unit by a second beamn

A Icl hr Incs Otir S, ren; a thi rd bea to in toie ha rdcopy unit writes the plot unto a dIr,%-

l vciti. -dt cc r led ir er lie threec p. necls for each day. oif data were produced

p. ndelvm then t rnor ed a nd taiped togethe r by hand, using overlapping registra -

to or ii 1'rt c a ign ment. S;ince thie Oiae on the d rv -silver paper dete rio rates
r , id I. tot r , s-ic rrhl cd plo ts ac ere then copied, with a reduction to 7o4 pe rcent of --

rig or. I si/c, on in IM 1series [if model 20 photocopierix These copies \%e re fur -

rrr-ar~dl tf tire (rintr r trr rrz-e a iout !rirtir reduction.

Ph I linest city ind, nr ricv srffrd rer bY tlu s method is sufficient for most pu r,-

p rshut doesi not eq u. ir th , iievsrble b.\ p rodurcing Al I thi ee panels at once on aI

L2 "rd teltrortatic Irlotte r ind ph toredricing the plots in the printshop. Some ca ire

i.tli 're r re hr- n et,,. cvr in mr tmopting precise me: sure orents fronm these plots.
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[lit hilloNing b tief comm ent oIn somte coon ni faults in the d ta ii:vbe Uael-Ul .

E x..mples icv given by i reufe tence in pa centhue Cs to) , It %khuch exhibits the

p. ticuIi:t- fa ult desecibed.

lT%) p iobleot s it e c (a iusd by th plotting equipment: , I somec t i( tabl

ire, ork ca s ionsa 11 shifted into the middle of ai pi ne 1, to the r ight of their p l)opev

loc tion (N tr-aces. 19 A'.av). 'his pitoblent was ignotred becmi se it %%., net -:sS . to

itice .,nd caused no serious haitn. (2) T'he least significaint digit of the- ha se line
%A 1 for' ai t r-ice is occasionally omitted I)C(-Z tra ce, 04 Janoi, t\ . Since h sc --

line %tAilos Zicc Al right-justified, the absence of the finA digit cain be seen, hut the

vleWill he Lincei-tain b%- 5 nT. Agaiin, the hiatm caiused Was niot enough to justifhc

the cos;t of ilving it.

\s noted aredaita f tom mailfunctioning nia'gnetoniete ts Were niot excluded

Unle'ss they' ciif'f( te(d g rca tlv fi-timi expected vatlues. F suiillv, the integirity of the

1,t,, , n bc adl-quia1tcI i s seSSOd h% onq1) ia ing any trace With those of adjaicent.

s tt itioris a ttd b% obse rving its, behavior over, an extenided inte rval. I-ive coonin

in. Ifumnctitins aethese: i I ) an intritiunienit which does not change ra nge p rope clv%

mi:,1 exhibit suddlen poisitive tic ttegtitiv(e jomps of' 164 nTF, the amllount of one c:oa t'se -

scal ,,tit Iis -Y rae II I e b r-ui vv). i21 Some faiiluret's, such as a data-sYsteni

bit thait faili to tunl oin oit- off, caMse smlller' anips (note thle junips of aibout itn F -

in thec N I:\ t taice , 04 -05 .1an ia 1-% and 2-7 M~a chi 1. 3) Some11 faiiluret-s cause at tztce *

tt e-Xhiit noise, w hich nitav be lar-ge (no exa orpleS in 19853) or, smaill (N\1"A -X tt-arce,

04-01I)ccenibecO. (4) 1 iilut-e of the fine- sea le OutpuLt ciauses ti tti cC to shoi% no

t i itv excvlut in ot, inilI ia; ng P- h~c lz iitttrp of (14 nT r tl 1l. trcaces, 19 A uguLs t

tfirough end of thle yes i. (5)1 ( tiu Ii.f the temp1Ie Vtiu1'e -iconpensa ting cii-Cuitv\

makes the output cvr. dependet i on let tronlcs ten pe ta tit cc; tile t tcc w- ill then %

e fle'ct tiC I-CgULa tV]C icce it the tHtictitstatiA lv controuled italctetipevcatuce(

['-\-.Ivi-at, 04 J1utie .,ttd conttinuiin-l. W1, 1thet, scei niilfun, tiins cain tiute

a Il d dI ifting ( AI L, . - ndIl (l -I t1a:es, 1' h ebiuar1-v 1p Ilk la 1 tose s pi kes

hi tt i t:ie, 0:3 klitu.tvi, (w hi Ists , I t trees, 15 linuirv\ ndl 12 Jutne. .\Il

t~ltes- f,,ults -ii nuit-iilv F hiti-i itt Inthtci wlietIt it ht shiSll(ils 2'

V~ N
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7. BASIC PLOTS ~T STANI)-~RD ..~MPLlTilW

This section presents one stacked-magnetograni plot for each day of I !~3.
,

using the standa rd amplitude scale of 40 nT per nra~or division.
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